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(57) This invention relates to an optical fiber com- 
ponent characteristics measuring device which 
can measure with high precision for a short 
period of time characteristics of the optical fiber 
component The optical fiber component 
characteristics measuring device comprises a 
plurality of light sources for emitting light of set 
different wavelengths, optical coupling means 
for mixing light from the light sources, coupling 
means for supplying mixed light from the opti- 
cal coupling means to an optical fiber compo- 
nent to be measured, spectroscoping means for 
spectroscoping light from the optical fiber com- 
ponent to be measured, and photoelectric 
means for parallelly detecting spectra of the 
light of the respective wavelengths outputted by 
the spectroscoping means, and converting the 
spectra into electric signals corresponding to 
the respective wavelengths. On the input side of 
the spectroscoping means there is provided 
optical switch means for switching to admit that 
of light outputted from said plural output opti- 
cal fibers of " the opticarfiber component to be 
measured, which (that) has one of said different 
wavelengths, and the light from the optical 
switch means is detected by the spectroscoping 
means, whereby characteristics of the optical 
fiber component including a plurality of output 
optical fibers can be measured. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an optica! fiber compo- 
nent characteristics measuring apparatus for measur- 
ing characteristics of optical fiber components which 
are used in transmission control of optical signals and 
optical signal processing in the fields of optical trans- 
mission and optical communication techniques, etc. 

Related Background Art 

As techniques of optical transmission and optical 
communication, such as the so-called ISDN, etc. 
have been developed, various optical fiber compo- 
nents for use in transmission control of optical signals 
containing information, and processing of optical sig- 
nals, etc. have been studied and developed. As such 
optical fiber components, optical fiber couplers and 
optical fiber filters, etc., for example, are known. 

One of the former optical fiber couplers compris- 
es one or at least two optical fibers on the input side, 
and one or at least two optical fibers on the output 
side, which are connected to each other. Such optical 
coupler having one optical fiber on the output side has 
a function of separating only a component of a light 
beam incident on the optical fiber on the input side, 
which (component) corresponds to a spectral charac- 
teristic of the output optical fiber, and propagating the 
component One of the optical couplers having at 
least two optical fibers on the output side has a func- 
tion of dividing a light beam incident on an optical fiber 
on the input side into components corresponding 
spectral characteristics of the output optical fibers to 
output or propagate the components from or through 
the corresponding output optical fibers. Specifically 
in an optical fiber coupler having one input optical fib- 
er, and a first output optical fiber of a 1300 nm-spec- 
tral characteristic and a second optical fiber of a 1 550 
nm spectral optical fiber (which is called 1x2 optical 
fiber coupler), when a mixed beam of a 1300 nm-wa- 
velength and a 1550 nm-wavelength is incident on 
the input optical fiber, the 1300 nm-waveiength light 
beam and the 1550 nm-wavelength light beam are 
divided in acc o rdance with their s pec tral characteris- 
tics to be outputted from or propagated through the 
corresponding output optical fibers. 

Thus optical couplers can propagate a specific- 
wavelength light beam of a mixed light beam of a plur- 
ality of wavelengths, and can divide a mixed light 
beam into light beams of respective wavelengths. The 
optical couplers exert good functions which facilitate 
selections, expansions, etc. of communication net- 
works of optical communication systems. Studies and 
developments are being made on improvement of 
separation characteristics of respective wavelengths, 
and improvement of qualities for better division char- 



acteristics and prevention of crosstalks. Also known is 
an optical coupler which comprises a plurality of opt- 
ical fiber on the output side which have the same 
spectral characteristics, so that a light beam incident 

5 on an optical fiber on the input side is divided by a uni- 
form division ratio to the respective output optical fib- 
ers. Studies and developments are being made also 
on improvement of better uniformity of division ratios. 
In the last-described optical fiber coupler, optical 

10 fibers are used as optical filters so that the passage 
of light beams of unnecessary wavelengths are pro- 
hibited to admit light beams of necessary wave- 
lengths. Specifically, an optical fiber filter for passing 
light beams of a 1550 nm-wavelength does not pass 

15 light beams of other wavelengths, e.g., a 1300 nm- 
wavelength. When a mixed light beam of a 1550 nm- 
wavelength and a_1300 nm-wavelength is incident, 
the light beam of-a 1550 nm-wavelength is admitted. 
Thus, the optical fiber filter passes light beams of 

20 necessary wavelengths and does not pass light 
beams of unnecessary wavelengths. Studies and de- 
velopments are being made on optical fiber filters 
having the so-called trans mission/cuttoff characteris- 
tics improved. 

25 Thus, optical fiber components for controlling 

light beams have been studied and developed with 
optical techniques have been developed. To further 
advance studies and developments of in novation al 
and superior optical fiber components, optical fiber 

30 components characteristics measuring apparatus for 
measuring characteristics of optical fiber components 
is essential. 

A conventional optical fiber characteristics meas- 
uring apparatus of the structure of FIG. 7 is known. 
35 This device is for measuring spectral characteristics 
of an optical coupler (1x2 optical fiber coupler) 5 hav- 
ing one optical fiber 5a on the input side, and two opt- 
ical fibers 5b, 5c having different spectral character- 
istics on the output side. The apparatus comprises an 
40 input mechanism for applying light to the optical fiber 
coupler to be measured, and an output mechanism for 
receiving light beams outputted from the optical fiber 
coupler 5 for various analyses. 

The input mechanism comprises a light source 1 
45 provided by a halogen lamp for emitting light having 
_ _ a flat spectral ch aracteristi c ov er a wide wave length 
range, a chopper mechanism 2 for passing or inter- 
rupting the light, a spectroscope 3 for spectroscoping 
the light passing the chopper mechanism 2, and con- 
50 troller 4 for sweeping wavelengths of the spectro- 
scope 3. The light from the spectroscope 3 is incident 
on the input optical fiber 5a through an optical con- 
nector. 

The output mechanism comprises a first germa- 
55 nium photodiode 6 and a second germanium photo- 
diode 7 which respectively detect the light from the 
output optical fiber 5b and the output optical fiber 5c, 
and photoelectrically generate electric signals pro- 
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portional to intensities of the detected light, and lockin 
amplifiers 8, 9 which respectively amplify the electric 
signals from the photodiodes 6, 7, and an A/D conver- 
ter 11 which receives the amplified electric signals 
through a selector circuit 10, and converts them into s 
digital data to supply the digital data to a signal ana- 
lyzing circuit 12, such as a computer. 

When an operator inserts an optical fiber coupler 
to be measured between the input mechanism and 
the output mechanism and starts the measurement, 10 
lightfrom the light source 1 is interrupted by the chop- 
per mechanism 1 to be applied to the spectroscope 3. 
The light diffracted into respective wavelengths by 
the spectroscope is separated into light of the respec- 
tive wavelengths by mechanical sweep of the control- is 
ler 4 to be incident on the input optical fiber 5a of the 
optical fiber coupler 5 to be measured. The light of the . 
respective wavelengths which has passed through 
the output optical fibers 5b, 5c is photoelectrically 
converted by the photodiodes 6, 7 and electric signals 20 
S1, S2 proportional to intensities of the transmitted 
light of the respective wavelengths. The respective 
electric signals S1, S2 are amplified and sample-held 
by the lockin amplifiers 8, 9, then are delayed from 
each other by the selector 10 to be supplied to the A/D 25 
converter 10. Thus, digital data D1 corresponding to 
the electric signal S1, and digital data D2 correspond- 
ing to the electric signal S2 are supplied to the signal 
processing circuit 12 in a time series. A reference sig- 
nal frequency of the lockin amplifiers 8, 9 are syn- 30 
chronous with an interrupted repeated frequency of 
the chopper mechanism 2. Light of a different wave- 
length is incident by the mechanical sweep of the 
controller 4 from the spectroscope 3 on the input opt- 
ical fiber 5a at each chopping cycle, and the digital 35 
data D1, D2 of the respective wavelengths are sup- 
plied to the signal processing circuit 12. Respective 
spectral characteristics on the output optical fibers 
5b, 5c are available as digital data. These digital data 
D1, D2 are subjected to signal processing, or dis- 40 
played on a monitor television, whereby measured re- 
sults of the respective spectral characteristics on the 
output optical fibers 5b, 5c are presented to the op- 
erator. 

But in such conventional optical fiber component 45 
characteristics measuring apparatus, a spectrum 
generated in the spectroscope is mechanically swept 
by the controller to sequentially separate light of re- 
spective wavelengths. The mechanical sweep mech- 
anically wears the controller 4 for a long time of use, so 
and its reproducibility of wavelengths is lowered, with 
the result that wavelengths incident on optical fiber 
components are deflected, and spectral characteris- 
tics of the optical fiber components cannot be meas- 
ured with high precision. This has been a problem of 55 
the conventional optical fiber component characteris- 
tics measuring apparatus. 

The sweeps of the controller 4, which are mech- 



anically conducted, are slow, with the result that it 
takes a long time to provide spectral characteristics of 
all wavelengths of an optical fiber component to be 
measured. Thus another problem is that a measuring 
operation takes a long period of time. 

A halogen lamp, which has a substantially flat 
spectral characteristic in the required infrared range, 
is used as the light source 1. But the halogen lamp 
has low radiation intensities, and output light of an 
optical fiber component 5 to be measured is weak. 
Further another problem is that the measuring preci- 
sion on the output mechanism is low. 

SUMMARY OF THE INVENTION 

This invention has been made in view of these 
problems of the conventional art. An object of this in- 
vention is to provide an optical fiber component char- 
acteristics measuring apparatus which has a function 
of measuring spectral characteristics of optical fiber 
components with high precision for a short period of 
time, and other advantageous functions. 

To achieve this object, this invention comprises a 
plurality of light sources for emitting light having set 
different wavelength ranges and substantially flat 
light intensity distributions, optical coupling means for 
mixing the light from the light sources, coupling 
means for supplying the mixed light from said optical 
coupling means to an optical fiber component to be 
measured, spectroscoping means for spectroscoping 
the lightfrom the optical fiber component to be meas- 
ured, and photoelectric means for parallel ly detecting 
spectra of the light of the respective wavelengths out- 
putted by the spectroscoping means, and converting 
the spectra into electric signals corresponding to the 
respective wavelengths. 

This invention is for measuring spectral charac- 
teristics of an optical fiber component including a plur- 
ality of output optical fibers for outputting light incident 
on input optical fibers thereof in accordance with re- 
spective spectral characteristics of light, and compris- 
es a plurality of light sources for emitting light having 
set different wavelength ranges and substantially flat 
intensity distributions, coupling means for mixing the 
light from the light sources, coupling means for sup- 
plying the mixed lightfrom the optica] coupling means 
to the input optical fiber of the optical fiber component 
to be measured, optical switch means for switching to 
admit that of the lightoutputted from said plural output 
optical fibers of the optical fiber component to be 
measured, which (that) has one of the different wa- 
velengths, spectroscoping means for spectroscoping 
the light from the optical switch means, and photo- 
electric means for parallelly detecting spectra of the 
light of the respective wavelengths outputted by the 
spectroscoping means, and converting the spectra 
into electric signals corresponding to the respective 
wavelengths. 
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In the optical fiber component characteristics 
measuring apparatus, the plural light sources are light 
emitting diodes, super-luminescence diodes, multi- 
quantum well laser diodes, or others. The photoelec- 
tric means is a linear image sensor including a plural- 5 
ity of pixels arranged along distributions of the spec- 
tra, a photodiode array including a plurality of photo- 
diodes arranged along the distributions of the spec- 
tra, or others. 

According to this invention of the above- 10 
described structures, light of a plurality of wave- 
lengths is mixed by the optical coupling means, and 
the mixed light is incident on an optical fiber compo- 
nent to be measured. The spectroscoping means gen- 
erates spectra of the light outputted from the optical 15 
fiber component to be measured. The photoelectric 
means parallelly detects the spectra 
for the respective wavelengths. Thus, reference inci- 
dent light (the mixed light) on the optical fiber compo- 
nent to be measured is not set by the mechanical 20 
sweep means, such as the chopper mechanism and 
the controller, as is in the conventional apparatus, but 
is generated by the stationary optical mechanism. 
The mechanical precision and transient deflections 
are not involved in the device according to this inven- 25 
tion. A measuring time can be decreased, and SN 
characteristics can be improved. The apparatus ac- 
cording to this invention can produce such advanta- 
geous effects. 

The present invention will become more fully un- 30 
derstood from the detailed description given herein- 
below and the accompanying drawings which are giv- 
en by way of illustration only, and thus are not to be 
considered as limiting the present invention. 

Further scope of applicability of the present in- 35 
vention will become apparent from the detailed de- 
scription given hereinafter. However, it should be un- 
derstood that the detailed description and specific ex- 
amples, while indicating preferred embodiments of 
the invention, are given by way of illustration only, 40 
since various changes and modifications within the 
spirit and scope of the invention will become apparent 
to those skilled in the art form this detailed descrip- 
tion. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the optical fiber com- 
ponent characteristics measuring device according to 
one embodiment of this invention. so 

FIG. 2 is a block diagram of the optical fiber com- 
ponent characteristics measuring device according to 
another embodiment of this invention. 

FIG. 3 is a view of a wavelength characteristic of 
light emiited from a light source used in the embodi- 55 
ments of this invention. 

FIG. 4 is a view of a wavelength characteristic of 
light emiited from a light source used in the embodi- 



ments of this invention. 

FIG. 5 is a view of a wavelength characteristic of 
light emiited from a light source used in the embodi- 
ments of this invention. 

FIG. 6 is a view of a wavelength characteristic of 
light emiited from a light source used in the embodi- 
ments of this invention. 

FIG. 7 is a block diagram of a conventional optical 
fiber component characteristics measuring device. 

DESTAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of this invention will be explained 
with reference to the drawings attached hereto. First, 
the structure of the device according to this embodi- 
ment will be explained with reference to FIG. 1. The 
optical fiber component characteristics measuring 
apparatus according to this embodiment is for meas- 
uring spectral characteristics of an optical fiber cou- 
pler 25 (1x2 optical fiber coupler) having one optical 
fiber 25a on the input side, and two optical fibers 25b t 
25c on the output side having different spectral char- 
acteristics from each other. The device includes an in- 
put mechanism for applying light to the optical fiber 
coupler 25 to be measured, and an output mechanism 
for receiving the light from the optical fiber coupler 
and supplying the light for various analyses. 

The input mechanism includes a first and a sec- 
ond light emitting devices 22, 23 which emit light of set 
wavelengths when supplied with an electric power 
from a drive circuit 21, and an optical fiber coupler 24 
which receives the light through a first and a second 
input optical fibers 24a, 24b and mixes the light there- 
from to output mixed light through an output optical 
fiber 24c. The first light emitting element 22 is provid- 
ed by a light emitting diode which emits light having a 
peak at a 1300 nm-wavelength and the broad spec- 
tral characteristic as shown in FIG. 3, i.e., a spectral 
characteristic with a range spreading relatively widely 
from the peak wavelength. The second light emitting 
device 23 is provided by a light emitting diode which 
emits light having a peak at a 1550 nm-wavelength 
and a broad spectral characteristic as shown in FIG. 
4. The respective optical fibers 24a, 24b, 24c of the 
optical fiber coupler 24 are provided by optical fibers 
which have the same spectral characteristics and can 
pass light of the wavelength range of at least FIG. 4, 
so that the light from the first and the second light 
emitting devices 22, 23 is mixed as they are, and out- 
putted. The mixed light from the output optical fiber 
24c is incident on the input optical fiber 25a of the opt- 
ical fiber coupler 25 to be measured connected to an 
optical connector. 

The output mechanism includes an optical switch 
26, a first input optical fiber 26a of the optical switch 
26 coupled to the first output optical fiber 25b of the 
optical fiber coupler 25 to be measured through an 
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optical connector, and a second input optical fiber 26b 
of the optical switch 26 coupled to the second output 
optical fiber 25c through the optical connector. The 
optical switch 26 switches in response to a switch con- 
trol signal CH from a signal processing circuit 32 5 
which will be explained later, so that the light incident 
on the first input optical fiber 26a and the light inci- 
dent on the second input optical fiber 26b is alternate- 
ly supplied to an output optical fiber 26c. The respec- 
tive optical fibers 26a, 26b, 26c of the optical switch 10 
26 have the same spectral characteristics as the opt- 
ical fibers 24a, 25b 24c of the optical fiber coupler 24, 
and the optical switch 26 is provided by a 1x2 optical 
switch by Seiko Denshi Kogyo Kabushiki Kaisha 
(Type: SW-011) or others. 15 

Aspectroscope 27 is coupled to the output optical 
fiber 26c to output spectra of light outputted from the 
output optical fiber 26c. 

A linear image sensor 28 including a plurality of 
photodetecting pixels formed in one row in a set direc- 20 
tion is coupled to the spectroscope 27 on the output 
side. The sensor 28 is so arranged that the distribu- 
tions of the spectra outputted from the spectroscope 
27, and the direction of the row of a plurality of pho- 
todetecting pixels are opposed to each other. That is, 25 
when the optical switch 26 is switched to supply the 
light from the first input optical fiber 26a to the output 
optical fiber 26c, a spectrum distribution correspond- 
ing to a spectral characteristic of the output optical fib- 
er 25b of the optical fiber coupler 25 to be measured 30 
is photoelectrical ly converted by the photodetecting 
pixels. When the optical switch 26 is switched to sup- 
ply the light from the second input optical fiber 26b to 
the output optical fiber 26c, a spectrum distribution 
corresponding to a spectral characteristic of the out- 35 
put optical fiber 25c of the optical fiber coupler 25 to 
be measured is photoelectrical^ converted by the 
photodetecting pixels. In this embodiment, the linear 
image sensor 28 is provided by a germanium image 
sensor so that the photosensitivity can be improved 40 
in the infrared wavelength range including 1300 - 
1 550 nm. 

Pixel signals S generated at the respective pho- 
todetecting pixels of the linear image sensor 28 are 
read by a read control circuit 29 in a time series in syn- 45 
chronization wit h a set read scan cycle and sequen- 
tially converted an A/D converter 30 into pixel data D 
for each set bit. These pixel data D are supplied to a 
signal analyzing circuit 32 with a computing function, 
as of a microcomputer or others, through an interface so 
circuit 31. 

In FIG. 1 the portions indicated by the mark CN 
are optical connecting means, such as optical con- 
nectors and others. 

Next the operation of this embodiment will be ex- 55 
plained. When an operator inserts the optical fiber 
coupler 25 to be measured between the input mech- 
anism and the output mechanism, and the measure- 



ment is started, light of a 1300 nm-wavelength from 
the light source 22, and light of a 1550 nm-wave- 
length from the light source 23 are mixed in the opti- 
cal fiber coupler 24. This mixed light is incident on the 
input optical fiber 25a of the optical fiber coupler 25 
to be measured. Then, the mixed light is divided in ac- 
cordance with respective spectral characteristics of 
the output optical fiber 25b and the input optical fiber 
25c, and the light corresponding to the spectral char- 
acteristic of the output optical fiber 25b is supplied to 
the first input optical fiber 26a of the optical switch 26, 
and the light corresponding to the spectral character- 
istic of the output optical fiber 25c is supplied to the 
second input optical fiber 26b of the optical switch 26. 
Based on a switch control signal CH from the signal 
analyzing circuit 32, the optical switch 26 supplies, in 
response to a switch control signal CH from the signal 
analyzing circuit 32, the light from the first optical fib- 
er 26a to the spectroscope 27 through the output opt- 
ical fiber 26c for a set period of time, and then, in re- 
sponse to a switch control signal CH from the signal 
analyzing circuit 32, outputs the light from the second 
Input optical fiber 26b for a set period of time to the 
spectroscope 27 through the output optical fiber 26c. 
The spectroscope 27 generates a spectrum of the 
light supplied for every period of time, and the linear 
image sensor 28 photoelectrically generates pixel sig- 
nals S for the respective photodetecting pixels. The 
respective pixel signals S read in a time series by the 
read control circuit 29 are converted into pixel data D 
by the A/D converter 30. These pixel data D are sup- 
plied to the signal analyzing circuit 23 through the in- 
terface circuit 31. 

The signal analyzing circuit 32 corrects the pixel 
data D1 corresponding to the light from the output 
optical fiber 25b, based on the spectral characteristic 
intrinsic to the whole of the input and the output 
mechanisms, and uses the corrected pixel data 
D1' as actual spectral characteristic data of the output 
optical fiber 25b. The pixel data D2 corresponding to 
the light supplied from the output optical fiber 25c is 
corrected based on the spectral characteristic intrins- 
ic to the whole of the input and the output mecha- 
nisms, and the corrected pixel data D2' is used as ac- 
tual spectral characteristic data of the output optical 
fiber 25c. These pixel data_DV,_D2' are subjected to_ 
signal processing and displayed on a monitor televi- 
sion to present the operator the thus-measured spec- 
tral characteristics of the respective output optical fib- 
ers 25b, 25c. 

In this embodiment, reference incident light to be 
incident on the optical fiber coupler t be measured is 
generated by the stationary optical mechanism in 
place of the mechanical sweep means, such as the 
chopper mechanism and the controller in the conven- 
tional device. Accordingly mechanical precision and 
transient deflections are never problems, a measur- 
ing time can be decreased, and improved S/N ratios 
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can be obtained. 

Next, another embodiment of this invention will 
be explained with reference to FIG. 2. The optical fib- 
er component characteristics measuring apparatus 
according to this embodiment is for measuring spec- s 
tral characteristic of an optical fiber coupler (2x4 opt- 
ical fiber coupler) 48 including two input optical fibers 
48a, 48b, and four output optical fibers 48c - 48f. The 
apparatus comprises an input mechanism for supply- 
ing light to an optical fiber 48 to be measured, and an 10 
output mechanism for receiving the light from t he opt- 
ical fiber 48 to be measured for various analyses. 

The input mechanism includes a first to a fourth 
light emitting devices 42 - 45 for emitting light of set 
wavelengths generated by electric powers supplied 15 
by a drive circuit 41 , an optical fiber coupler 46 which 
receives light from the respective light emitting devic- 
es 42 - 45 1 hrough a first to a fourth input optical fibers 
46a - 46d, mixes the light, and outputs the mixed light 
from the output optical fiber 46e, and an optical switch 20 
47 which switches to supply the light from the output 
optical fiber 46e alternately to the two input optical 
fibers 48a, 48b. 

The first light emitting device 42 is provided by a 
light emitting diode which emits light having a peak at 25 
a 1300 nm-wavelength and a broad spectral charac- 
teristic as shown in FIG. 3, i.e., having a broad spec- 
tral characteristic widely diffracted from the peak. The 
second light emitting device 43 is provided by a light 
emitting diode having a peak at a 1550 nm-wave- 30 
length and a broad spectral characteristic as shown 
in FIG. 4. The third light emitting device 44 is provided 
by a light emitting diode having a peak at a 650 nm- 
wavelength and having a broad spectral characteris- 
tic as shown in FIG. 5. The fourth light emitting device 35 

45 is provided by a photoemitting diode having a peak 
at a 860 nm-wavelength and a broad spectral charac- 
teristic as shown in FIG. 6. 

All the optical fibers 46a - 46e of the optical fiber 
coupler 46 are provided by optical fibers which have 40 
the same spectral characteristics and pass the light 
of the wavelength ranges of FIGs. 3 to 6. Accordingly 
the light from the first to the fourth light emitting de- 
vices 42 - 45 can be mixed by the optical fiber coupler 

46 as they are to be passed through the output optical 45 
fi ber 46e . 

The mixed light from the output optical fiber 46e 
is incident on an input optical fiber 47a of the optical 
switch 47. Output optical fibers 47b, 47c of the optical 
switch 47 are coupled to the input optical fibers 48a, so 
48b of the optical fiber coupler 48 to be measured, 
which are connected to an optical connector. The opt- 
ical switch 47 switches in response to a control signal 
CH1 from a signal analyzing circuit 55 which will be 
explained later so that the light incident on the input 55 
optical fiber 47a is out putted to one of the input optical 
fibers 47b, 47c. That is, the optical coupler 47 sup- 
plies the mixed light prepared by the optical fiber cou- 



pler 46 to one of the input optical fibers 48a, 48b of 
the optical fiber coupler to be measured 48. The re- 
spective optical fibers 47a - 47c of the optical switch 
47 have the same spectral characteristic as those 
46a - 46e of the optical fiber coupler 46. 

The output mechanism includes an optical switch 
49, a first input optical fiber 49a of the optical switch 
49, which is coupled to the output optical fiber 48c of 
the optical fiber coupler 48 to be measured through 
an optical connector, a second input optical fiber 49b 
coupled to the output optical fiber 48d of the optical 
fiber coupler 48 to be measured through the optical 
connector, a third input optical fiber 49c of the optical 
switch 49 coupled to the output optical f iber 48e of the 
optical fiber coupler 48 to be measured through the 
optical connector, and a fourth input optical fiber 49d 
of the optical switch 49 coupled to the output optical 
fiber48f of the optical fiber coupler 48 to be measured 
through the optical connector. 

The optical switch switches in response to a 
switch control signal CH2 from a signal synthesizing 
circuit 55 which will be explained later, so that the light 
incident on the input optical fibers 49a - 49d is sup- 
plied to the output optical fiber 49e sequentially one 
by one. The respective optical fibers 49a - 49e of the 
optical switch 49 have the same spectral characteris- 
tic as those 46a - 46e of the optical fiber coupler 46. 
The output optical fiber 49e is coupled to a spectro- 
scope 50. The spectroscope 50 outputs a spectrum of 
the light outputted from the output optical fiber 49e. 
A linear image sensor 51 is coupled to the spectro- 
scope 50, and includes a plurality of photodetecting 
pixels which are formed in one row in a set direction 
and are so arranged that the distributions of the spec- 
tra supplied by the spectroscope 50 are opposed to 
the photodetecting pixels. 

When the optical switch 49 switches so as to sup- 
ply the light from the first input optical fiber 49a to the 
output optical fiber 49e, a spectrum distribution cor- 
responding to a spectral characteristic of the input 
optical fiber 48a or 49b of the optical fiber coupler 48 
to be measured to the output optical fiber 48c is pho- 
toelectrical^ converted by the photodetecting pixels. 
When the optical switch 49 switches so as to sequen- 
tially supply the light from the input optical fibers 49b 
to the output .optical fiber 49e, spe ctru m distrib- 
utions corresponding to spectral characteristics of the 
input optical fiber 48a or 49b of the optical fiber cou- 
pler 48 to be measured to the other output optical fib- 
ers 48d - 48f are sequentially photoelectrical^ con- 
verted by the photodetecting pixels. In this embodi- 
ment, the linear image sensor 51 is provided by a ger- 
manium image sensor to improve the photosensitivity 
between the visible range to the infrared range. 

Pixel signals S generated at the respective pho- 
todetecting pixels of the linear image sensor 51 are 
read by a read control circuit 52 in a time series in syn- 
chronization with a set read scan cycle and sequen- 
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tially converted by an AID converter 53 into pixel data 
D for each set bit. These pixel data D are supplied to 
a signal analyzing circuit 55 with a computing func- 
tion, as of a microcomputer or others, through an in- 
terface circuit 54. 

In FIG. 2 the portions indicated by the mark CN 
are optical connecting means, such as optical con- 
nectors and others. 

Then, the operation of this embodiment will be 
explained. When an operator inserted an optical fiber 
coupler 48 to be measured between the input mech- 
anism and the output mechanism, and the measure- 
ment is started, light of set wavelengths from the light 
sources 42 - 45 are mixed by the optical fiber coupler 

46, and the mixed light is incident on the input optical 
fiber 47a of the optical switch 47. 

The optical switch 47 outputs, in response to a 
switch signal CH1, the light incident thereon to one 
47b of the output optical fibers of the optical switch 

47. The output light of the output optical fiber 47 of the 
optical switch 47 is incident on the input optical fiber 
48a of the optical fiber coupler 48 to be measured 
coupled thereto by the optical connector. 

The mixed light is separated in accordance with 
the respective spectral characteristics of the output 
optical fibers 48c - 48f. The light corresponding to a 
spectral characteristic of the input optical fiber 48a to 
the output optical fiber 48c is supplied to the first- 
input optical fiber 49a, the light corresponding to a 
spectral characteristic of the input optical fiber 48a to 
the output optical fiber 48d is supplied to the second 
input optical fiber 49b of the optical switch 49, the light 
corresponding to a spectral characteristic of the input 
optical fiber 48a to the third output optical fiber 48e 
is supplied to the third input optical fiber 49c of the 
optical switch 49, and the light corresponding to a 
spectral characteristic of the input optical fiber 48a to 
the output optical f iber 48f is supplied to the fourth in- 
put optical fiber 49d of the optical switch 49. 

The optical switch 49 sequentially outputs, in re- 
sponse to a switch control signal CH2, the light from 
the first to the fourth input optical fibers 49a- 49d re- 
spectively for a set period time to the spectroscope 
50. 

The spectroscope 50 generates a spectrum of 
the I ight, which Js sequentiall y sup plied thereto for t he 
set period of time, and the linear image sensor 51 se- 
quentially photoelectrical^ converts the spectrum 
into pixel signals S corresponding to the respective 
photodetecting pixels. The read circuit 52 reads the 
respective pixel signals S in a time series, and the A/D 
converter 53 converts the pixel signals S into pixel 
data 0. The data D are supplied to the signal analyz- 
ing circuit 55 through the interface circuit 55. 

The signal analyzing circuit 55 provides pixel data 
D1 corresponding to the light which has entered the 
optical fiber coupler 48 at the input optical fiber 48a 
and exited the same at the output optical fiber 48c, 



pixel data D2 corresponding to the light which has en- 
tered the optical fiber coupler 48 at the input optical 
fiber 48a and exited the same at t he output optical f ib- 
er 48d, pixel data D3 corresponding to the light which 
5 has entered the optical fiber coupler 48 at the input 
opticla fiber 48a and exited the same at the output 
optical fiber 48e, pixel data D4 corresponding to the 
light which has entered the optical fiber coupler 48 at 
the input optical fiber 48a and exited the same at the 
10 output optical fiber 48f. 

Then, in response to a switch signal CH 1 from 
the signal analyzing circuit 55, the optical switch 47 
is switched to output the light incident on the optical 
switch 47 at the output optical fiber 47b thereof. The 
15 light outputted from the output optical fiber 47c of the 
optical switch 47 is incident on the input optical fiber 
48b of the optical fiber coupler 48 to be measured 
which is coupled to the output optical fiber 47c by the 
optical connector. 
20 Then the above-described operation repeatedly 

follows, and the signal analyzing circuit 55 produces 
pixel data D5 corresponding to the light which has en- 
tered the optical fiber coupler 48 to be measured at 
the input optical fiber 48c and exited the same at the 
25 output optical fiber 48c, pixel data D6 corresponding 
to the light which has entered the optical fiber coupler 
48 to be measured at the input optical fiber 48b and 
exited-the same at the output optical fiber 48d, pixel 
data D7 corresponding to the light which has entered 
30 the optical fiber coupler 48 to be measured at the in- 
put optical fiber 48b and exited t he same at t he output 
optical fiber 48e, and pixel data D8 corresponding to 
the light which has entered the optical fiber coupler 
48 to be measured at the input optical fiber 48b and 
35 exited the same at the output optical fiber 48f. 

Then, the analyzing circuit 55 corrects the thus- 
obtained pixel data D1, D2, D3, D4, D5, D6, D7, D8, 
based on a spectral characteristic intrinsic to the 
whole of the input and the output mechanisms, and 
40 the corrected pixel data D1\ D2\ D3\ D4\ D5\ D6\ 
D7\ D8' are used as actual spectrum data. These pix- 
el data D1\ D2\ D3\ D4\ D5\ D6\ D7\ D8' are sub- 
jected to signal processing, or displayed on a monitor 
television to present the operator results of the meas- 
45 ured spectral characteristics. 

In this another embodiment, reference incident 

light to be incident on the optical fiber coupler to be 
measured is generated by the stationary optical 
mechanism in place of the mechanical sweep means, 
so such as the chopper mechanism and the controller in 
the conventional apparatus. Accordingly mechanical 
precision and transient deflections are not problems, 
a measuring time can be decreased, and improved 
S/N ratios can be obtained. 
55 In this embodiment, the measurement of spectral 

characteristic of a 2x4 optical fiber coupler has been 
explained, but this invention is not limited to this em- 
bodiment. Instead it is possible that the optical fiber 
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coupler 46 is replaced by an n x m optical fiber coupler 
(n and m represent arbitrary numbers, the 4x1 optical 
switch 49 is replaced by an m x 1 optical switch, the 
light from the n-light sources is incident on m-optical 
fiber couplers, and spectra outputted from the spec- 
troscope every time the m x 1 optical switch is switch- 
ed is photoelectrically converted by the linear image 
sensor 51 . This structure makes the optical fiber com- 
ponent spectral characteristics measuring apparatus 
universal. 

In the above-described two embodiments, the 
light sources are provided by photodiodes having the 
infrared range but is not limited to such photodiodes. 
Super-luminescence diodes or multi-quantum well 
laser diodes may be used. 

In the above-described two embodiments linear 
image sensors are used, but instead a photodiode ar- 
ray including a plurality of photodiodes arranged 
along the spectrum distributions may be used. 

In the above-described two embodiments, the 
device according to this invention is used in measur- 
ing spectral characteristics of optical fiber couplers 
but can be used in measuring characteristics of opti- 
cal fiber filters. 

The optical fiber component characteristics 
measuring apparatus according to this invention can 
measure polarization characteristics of optical fiber 
components by inserting a polarizer on the side of 
light incidence of an optical fiber component (e.g., 
optical fiber coupler, optical fiberf liter or others), and 
an analyzer on the side of output of light thereof. 

From the invention thus described, it will be ob- 
vious that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in 
the art are intended to be included within the scope 
of the following claims. 



Claims 



respective wavelengths. 

2. An optical fiber component characteristics meas- 
uring apparatus according to claim 1 further com- 

5 prising: 

optical switching means for transmitting 
any one of lights output from a plurality of output 
side optical fibers of said optical fiber component 
to be measured to an input side of said spectro- 

10 scoping means by switching. 

3. An optical fiber component characteristics meas- 
uring apparatus according to claim 1, wherein 
said plural light sources comprises light emitting 

15 diodes, super-luminescence diodes, or multi- 

quantum well laser diodes. 

4. An optical fiber component characteristics meas- 
uring apparatus according to claim 1 , wherein the 

20 photoelectric means is a linear image sensor in- 

cluding a plurality of pixels arranged along dis- 
tributions of the spectra, or a photodiode array in- 
cluding-a plurality of photodiodes arranged along 
the distribution of the spectra. 

25 

5. An optical fiber component characteristics meas- 
uring apparatus according to claim 1 , wherein a 
polarizer is inserted on the side of light incidence 
of the optical fiber component to be measured, 

30 and an analyzer is inserted on the output side of 

the optical fiber component to be measured. 

6. Apparatus for measuring characteristics of an 
optical fiber component comprising means for 

35 supplying optical radiation to said optical fiber 

component, means for receiving said optical radi- 
ation after transmission through said component, 
means for spatially separating the received radi- 
ation into its spectral components and means for 

40 simultaneously detecting the separated compo- 

nents. 



1. An optical fiber component characteristics meas- 
uring apparatus comprising: 

a plurality of light sources for emitting light 
of set diff erent wavel engths; 

optical coupling means for mixing light 
from the light sources; 

coupling means for supplying mixed light 
from said optical coupling means to an optical fib- 
er component to be measured; 

spectroscoping means for spectroscoping 
light from the optical fiber component to be meas- 
ured; and 

photoelectric means for parallelly detect- 
ing spectra of the light of the respective wave- 
lengths output by the spectroscoping means, and 
converting the spectra into electricsignals for the 



7. Apparatus for measuring the spectral character- 
istics of optical radiation emanating from an opti- 

45 cal component being tested, said apparatus com- 

prisin g a plur ality oHight sources of different 
spectral characteristics, means for combining the 
outputs of the light sources and supplying the 
combined radiation to the component, means for 

so spatially separating the spectral components of 

the emanating optical radiation and means for si- 
multaneously detecting the separated compo- 
nents. 

55 
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(54) An optical fiber component characteristics measuring apparatus. 



(57) This invention relates to an optical fiber com- 
ponent characteristics measuring device which 
can measure with high precision for a short 
period of time characteristics of the optical fiber 
component The optical fiber component 
characteristics measuring device comprises a 
plurality of light sources for emitting light of set 
different wavelengths, optical coupling means 
for mixing light from the light sources, coupling 
means for supplying mixed light from the opti- 
cal coupling means to an optical fiber compo- 
nent to be measured, spectroscoping means for 
spectroscoping light from the optical fiber com- 
ponent to be measured, and photoelectric 
means for parallelly detecting spectra of the 
light of the respective wavelengths outputted by 
the spectroscoping means, and converting the 
spectra into electric signals corresponding to 
the respective wavelengths. On the input side of 
the spectroscoping means there is provided 
optical switch means for switching to admit that 
of light outputted from said plural -output opti- 
cal fibers of the optical fiber component to be 
measured, which (that) has one of said different 
wavelengths, and the light from the optical 
switch means is detected by the spectroscoping 
means, whereby characteristics of the optical 
fiber component including a plurality of output 
optical fibers can be measured. 
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Claim 



Fiber measuring apparatus with plurality of 
sources, mixing light, coupler, spectroscop, 
parallely detecting. 

Fiber measuring apparatus with supplying and 
receiving means, spatially separating and 
simultaneously detecting. 

Apparatus for measuring the spectral charac- 
teristics of an optical component. 
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LACK OF UNITY OF INVENTION 

The Search Division considers that the present European patent application does not comply with the requirement of unity of 

invention and relates to several inventions or groups of Inventions. 

namely: 

1. Claims 1-5 : Fiber measuring apparatus with plurality of 

sources , mixing light , coupler , spectroscop , 
parallely detecting. 

2. Claim 6 : Fiber measuring apparatus with supplying and 

receiving means, spatially separating and 
simultaneously detecting. 

3. Claim 7 : Apparatus for measuring the spectral charac- 

teristics of an optical component. 



